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1 
The present invention relates to apparatus for 
distributing equal quantities of fluid from a coin- 
mon source to.a number of discharge points. The 
several modifications of the invention illustrated 
show arrangements which may be used in dis- 5 
tributing fuel to the several nozzles of a turbine 
engine. 
The present invention is an improvement on 
the structure shown and claimed in the copend- 
ing application of Milton E. Chandler, Seriai No. 10 
îS2,îSî, flled October 29, 19î. 
In systems of this type, wherein a main supply 
line delivers into several branchdistributing lines, 
if is customary fo pr0vide each branch line with 
an individual flow control valve. Mechanism for 15 
simultaneously controlling a number of individ- 
uai valves which may be widely separated tends 
fo be complicated. 
In some fluid distributing systems of the prior 
art» if bas been proposed fo place an individual 20 
pump in each distributing branch line, and fo 
drive all the pumps from a comm6n power source 
so that all operate ai the same speed. Diflicul- 
ries in such systems bave been encountered be- 
cause of variations in the adjustment and volu- 25 
metric efliciency of the individual pumps. 
Another tyPe of pri0r art system employs a 
single variable delivery pump employing a hum- 
ber of individually controlled branch conduits. 
Where such a system is used if is necessary fo 0 
control the individual branch conduit valves con- 
currently with the pump delivery control fo avold 
building up excessive pressures ai the discharge 
side of the pump. 
An object of the present invention is fo pro- 5 
vide improved and Simplified fluid distributing 
apparatus. 
Another object is to provide a fluid distributing 
system including a main supply conduit and a 
plurality, of branch conduits in which each 40 
branch conduit is controlled by a valve responsive 
fo the pressure drop across an orifice in that 
branch conduit balanced against, a variable con- 
trol fluid pressure .... 
A further object is fo provide a flow control ¢5 
system for the dischargeline of a pump, in which 
the flow is regulated in accordance with the pump 
speed to compensate for variations in the Volu- 
metric efliciency of the pump. 
A further ob]ect is to provide a fluid distribut- 50 
ing system including a pump in each branch dis- 
tributing line and a common control to compen- 
sate for variations in v01umetric efliciency of the 
individual pump. 
Another object is fo prëide a fluid distribut- 55 
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ing system including a metering orifice in the 
main supply line as well as in each individual 
branch conduit, and coordinated control of the 
flows in the main lines and in the branch 
conduits. 
A further object is to provide a system of the 
tyPe described, in which means is provided to 
compensate the flow in the main lines for acci- 
dental variations in flow in the individual branch 
lines fo eliminate undesirable building up of pres- 
sure in the event of clogging one of the branch 
lines. 
Other objects and advantages of my invention 
will become apparent from a consideration of the 
appended speciflcation, claires and drawings, in 
which 
Figure 1 illustrates, somewhat diagrammati- 
caily, a fiuid distributing system embodying cer- 
tain features of my invention, 
Figure 2 illustrates, also somewhat diagram- 
maticaily, a fluid distributing system employing 
individuai pumps in the branch lines and means 
for compensating for variations in volumetric ef- 
ficiency of the pumps, 
Figure 3 illustrates another embodiment of my 
invention, employing a single variable delivery 
pump and means for coordinating the pump de- 
livery with the controls in the several branch 
lines, and 
Figure  illustrates a modifled form of pump 
delivery control which may be used ïn place of 
that of Figure 3. 
leferring now fo Figure 1, the fluid cornes from 
a tank (not shown) and flows through an inlet 
conduit  0, a pump  2, and a min discharge con- 
duit 4. The pump discharge pressure is regu- 
lated by a relief valve mechanism generally shown 
at 6. This mechanism includes a piston valve 
0 öperated by a bellows 2@. The interior of bel- 
lows 2@ is supplied with a variable control fluid 
pressure through a conduit 22. The exterior of 
bellows 2@ is exposed tothe pump discharge pres- 
sure through a passage 24 extending through the 
valve 8. The valve mechanism 6 operates to 
maintain the discharge pressure of pump 2 at 
whatever value is required to balance the force 
due to the variable control fluid pressure acting 
on bellows 2@. 
The fluid is distributed from conduit   through 
three branch conduits 25, 28 and @. Branch con- 
duit 2 includes a metering orifice 2 and a dis- 
charge valve  biased fo closed position by a 
spring . Discharge conduit 28 includes a me- 
tëring orifice $ and a' control valve 18. 
The branch conduit @ tncludes a simflar me- 
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tering restriction 48 and a control valve 42. Con- 
trol valve 42 is similar in all respects to control 
valve 33, and only the latter will be described in 
detail. The control valve 38 includes a piston 
44 attached by a stem 48 toa discharge valve 48. 5 
The upper end of piston 44 is attached toa guide 
rod 5{}. The space below piston 44 is subject to 
the fuel Pressure on the downstream side of me- 
tering restriction 88. The space above piston 44 
is subject to the fuel pressure in a pilot line 52, 
which communicates with discharge conduit 26 
on the downstream side of metering restriction 
32 therein. This saine pressure is communicated 
to a similar space on control Valve-42. by means 
of a conduit 54. 
If the pressure in conduit 52 is lower thanthe 
pressure under piston 44, thon the piston 44 will 
rise, opening the valve 43 wider. This uPWar.d 
movement of valve 4 will continue until the pres- 
sures are balanced on the opposite sides of pis- 20 
-tons44. rherefore.it may be seen that control 
 valve .38 operates to mainain the pressure on the 
-.downstream side of restriction $8 equal to that 
on the downstream side of restriction 32. Since 
the pressures on the upstream sides of the two 
.resgrictions are the saine, thon the flow through 
.both .restrictions will be substantially the saine. 
-he system.therefore operates to maintain equal 
flows through all the branch distributing con- 
duits. 30 
Figure 2 
.In. Figure .2 fuel is delivered from the main 
. spply conduit. 100 through a number of branch 
 conduits .182, .182' and I0". The branch con- 
duits are provided with individual pumps . ! 0, 35 
.' and 0", resPectively. The several branch 
.conduts discharge throughcontrolling mecha- 
nisms shown at I .4, .i 1.4' and 114", respectively. 
Only the control mechanism  14 is.shown in de- 40 
rail, the .mechanisms 115' and 114" being similar. 
,The/three pumps 103, 183' and 108" are_driven 
_by«a common source of power, .which also drives 
a governor, generally indicated at 20, having a 
. pair of fly weights 122 which operate a pilot.valve .,45 
.1.26:to contr-ol the press.re in a .pilot line 123. 
The pilotline |3 is.connected to a chamber 130 
above-the.vale 126, and.the pressure therein .acts 
downwardiy on valve 126, in opposition to the 
cen_rifugal force acting on flyweights .! 2.2. When 0 
the pressure in chamber 13{} balances .the cen- 
trifugal force due fo the flyweights .122, vale 
128. remains in the position shown, in. he..drw- 
ing, in which the fluid in line 128 is trapped 
thee. If the valve 128 moves upward from the 
. p0siton, shown in the drawing, fluid is admited 
from .a .supply conduit .132 to .the chamber .130 
and conduit 123 through an annular recess 133 
and.passage .134 in the valve 128. If the valve 
128 moves downwardly from the position shown 
due:£oa hgher pressure in chamber 130, then  
pilo..lile 123 is connected fo a drain conduit 
The pressure in chamber 130 and in pilot line 1.28 
varies .with the centrifugal force acting on :fly- 
.weight 122, which in turn varies with the square 
f the sPeed of the governor 120. 
-The control .mechanism I. 14 includes a Valve 
8 in a by-pass conduit 140, 42, .which .extends 
 -from-the pump ourlet back to themain Supply 
_conduit.108. One end of thestcm of valve. 138 is 70 
c0nnected to a flexible .di.aphragm .I 44 .separating 
.apair of.expansible chambers 1.48 ad 148. A 
metering restriction .50 is provSded inthe.branch 
conduit  2. Chamber 16 is. conected t.o the 
upstream si.de of rtriction 150 .and chamber. 
148 is connected to the downstream siçie of re- 
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striction 150. The pressure drop across the re- 
striction 150 varies with the square of the veloc- 
ity of flow through the branch line 102. This 
pressure drop acts downwardiy on diaphragm 144 
and hence on valve 138. The other end of the 
stem of valve f38 is attached toa piston 152. The 
space above piston 152 is vented to atmosphere, 
vhfle the space below piston 152 is Comected 
throuh a conduit 154 to.the pilot line 128. 
The valve 138 is thus subjected to an upwardly 
acting force which varies as the square of the 
-speeà of:the-pmp 103 and toa downwardly act- 
ingforce which varies as the square of the rate 
of .flow  thrugh, restriction 150. When these 
.îorces become-unbalanced, valve 138 is operated 
-to restore the balanced condition. Hence it may 
be st.ted that.valve 138 operates to maintain the 
fiow thr0ugh restriction 150 proportional to the 
speed of pump 108. If therefore compensates for 
any variation in volumetric eflïciency of pump 
+r I08. 
The branch conduits .102' and I02" are pro- 
.vided _with control mechanisms 114' .and 114", 
respectively, which operate.the same as control 
mechanism 114. The control mechanisms fl.4' 
and fl4" .are connected by.conduits f54' and 
154" respectively fo the pilot line 128. ihe flow 
through each .of the .branch conduits is there- 
fore.controlled.in the saine, manner, so that equal 
quantities of fluid- flow through each branch con- 
duit, providing the .areas of the. metering :es_tric- 
tions such as f50 are equal. Iï.unequal flows are 
required, then metering .restrictions of unequal 
area maybe used. 
.Figure 3 
. In this figure _the incom!ng fuel: ençes an inlet 
conduit 200 and passes through..a.variable deli- 
.ery pump 202, a .conduit .204, a metcripg restric- 
tion 26, a conduit 208,a conduit 210, and thence 
hrough .inliviual 0trPl Yalvès". 212, 214 a« 
2!8 to b_ranch .discharge .c.onduits 218, 22{} and 
2, respective!y. The.pump 202sprovided with 
a-dev_ery onçrol :leer.224 .pivoted at its left 
end to:the p_umps_truc_tBre. Th, e pump structure 
is such that when._the .le,er .224!s moved Clock- 
.wise,.thePumP _delivry is increased, as indicated 
by ,the lgcnd _o.u the drav..'ng. The çg.ht .end off 
lever 224 is.cPnnect, e.d b.Y ens of.a pin and 
slot .ççn¢ti.on to :_a. Vod; 228. comecting tWo ?.p- 
posed .pis.ons 228 nd. 2.3.0. 
-P!ston.23.0. moves .in=a.qYiDd.e.r 232 r.The.pres- 
sure cting:0n thel9e_r:fce::.of;tSo.n _20.1s that 
at the upstream side of restriq!0n-:,.0_6, vhich 
is conveYed ..to .çynder .232 tbr.ugh.:a conduit 
 234..The. cylinder 232, above Piston _2,3.0' is con- 
nectedthrough a conduit 242 toa condui 
.supp!ied with a variable co!!tçol flud :Pçsure 
:ïrom any Slitab, le @ourc¢. 
Pistqp:2.28 moves.-in..a cy!ndcr 2.3, the :Spa9e 
nder piston. 22.8 .is .vcntid o .tmo,phere, .s..at 
239. Thespace.aboe pis.ton '228 is cpnnected 
through: cidut :236 ..t0 .th_e:c0dUit ï08 -on he 
downstream side of restriction 206. An_.emer- 
gency re!.ief Valve ..240 permits'..fl d .tp :fl0w fóm 
.conduit 23.6 .tP tbe pump /in!et c.ondt 2.00 in 
case of.excessive pressures developing in conduit 
-208. 
:Each of the control valve mechanisms -2 !2,- 214 
and 216 is. simila_nd 0rly-he ráechanism 212 
wfll be" dëscribed indetail. Välve mechanism «212 
incluïles pair- o .pisions 246 iant 2_8 connectéd 
5- ç0 d- 250: The rodëxtends-through a .busl- 
ing. 252, so that each piston acts in ail individual 
cylinder nqt in fluki communication Wth thëcyl- 
inder of he.ther piston,  The. fÏuid -pressure in 
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conduit 210 is e0nveyed through a conduit 254 to 
the space 256 under piston 248. Space 258 above. 
piston 248 is connected through a conduit 260 to 
the conduit 242. The space under piston 245 is 
vented fo atmosphere, as af 202. Fluid entering 
the valve mechanism 2 ! 2 passes through a meter- 
ing orifice 264. The upper face of piston 246 
subject to the fiuid pressure on the downstream 
side of orifice 204, and its peripheral edge serves 
as a valve to c0ntrol the fiow of fiuid through a 
port leading to the discharge conduit 218. The 
valve mechanism 212 is subject to an upwardly 
acting force which is a measure of the fiow 
through orifice 204, since the pressure on the 
upstream side of that orifice acts upwardly in 
chamber 250 while the pressure on its down- 
stream side acts downwardly on the upper sur- 
face of piston 240. At the saine rime, the varia- 
ble control fiuid pressure acts downwardly on 
the upper surface of piston 248. Therefore, when 
the fiow is such that the pressure differential 
across orifice 204 balances the variable control 
fluid pressure in chamber 258, the valve remains 
stationary. Otherwise, it moves to correct the 
fiow until such a condition of balance is obtained. 
Hence, under normal operating conditions, the 
valve mechanisms 212, 214 and 210 control the 
flow into three discharge conduits 218, 220 and 
222, so as to make those flows equal. 
The pistons 230 and 223 operate the pump de- 
livery control lever 224 so as to maintain the 
pressure drop across restriction 200 proportional 
to the variable control fiuid pressure in conduit 
244. The area of metering restriction 20,0 is so 
chosen with respect to the area of the orifices 
such as 284 and valve mechanism 212 and with 
respect to the areas of pistons 230 and 228, so 
that the fiow through restriction 200 equals the 
sum of the fiow through the orifices 284. 
In case one of the discharge conduits 218,. 220 
or 222 should become partially clogged, the pump 
would try to deliver through conduit 210 the saine 
total fiow which would be expected when that 
conduit were not partially clogged, if some means 
were not provided to prevent it. In such an 
event, all the pressures in the system on the 
downstream side of the pump would begin to rise. 
The occurrence of excessive pressure from this 
cause is avoided by the use of different areas on 
pistons 230 and 228. Because of these unbal- 
anced areas, increase in the discharge pressure 
of pump 202 wfll cause the movement of delivery 
control lever 224 in a delivery decreasing direc- 
tion. This delivery decreasing force is balanced 
by spring 238. Therefore, as the pump discharge 
pressure tends fo increase, piston '230 moves the 
pump delivery control lever 224 in a deltvery de- 
creasing direction until a balance of forces is 
restored on pistons 228 and 230. 
An emergency relief or safety valve is provlded 
af 240, to take care of any accidental excessive 
pressures which might occur in the system in 
spire of the unbalancing of pistons 230 and 22.8. 
Figure 4 
This figure illustrates a modified form of pump 
delivery control mechanism .which takes the 
place of the piston 230 and 228 of Figure 3. In 
this arrangement the two pistons are balanced, 
and excessive pressures wfll therefore occur, so 
that a relief valve such as 240 of Figure 3 must 
be provided. 
Those elements in Figure 4 which correspond 
fo simflar elements in Figure 3 have been given 
reference numerals in the 300 series correspond- 
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ing to the reîerence numerals in Figure 3 in the 
200 series. 
The terms and expressions as used herein are 
intended as terms of description and hot of limi- 
5 ration, and I bave no intention, in the use of such 
terms and expressions, of excluding any equiv- 
alent of the Structures shown herein or parts' 
thereof, but recognize that various modifications 
are possible within the scope of the invention 
]0 claimed. 
I hereby claim as my invention: 
1. Apparatus for distributing fiuid from a 
common source to a plurality of discharge points 
in proportionate quantities, comprising a plural- 
]5 ity of branch conduits, each leading from said 
source to one of said points, a xed capaclty 
pump in each of said conduits, a metering restric- 
tion in each of said conduits, a by-pass conduit 
for each pump extending from the ourlet to the 
20 inlet thereof, a valve in each said by-pass con- 
duit, common drive means for all said pumps, 
speed responsive means operated by said drive 
means or controlling a fluid pressure propor- 
tional to the square of the speed of said drive 
25 means, and operating means for each of said by- 
pass valves including means responsive to said 
fluid pressure acting in a valve closing direction 
and means responsive to the pressure drop across 
ifs associated metering restriction acting in a 
30 valve opening direction, said by-pass valves and 
their operating means being effective to maintain 
the flow through each metering restriction pro- 
portional to the speed of said drive means, and 
thereby to compensate for variations in the volu- 
35 metric capacity of the individual pumps. 
2. Apparatus for controlling the delivery of a 
pump in .proportion to its speed, comprising a 
fixed capacity pump, a delivery conduit leading 
from said pump, a metering restriction in said 
40 delivery conduit, a by-pass conduit leading from 
the ourlet to the inlet of said pump, a valve in 
said by-pass conduit, means for driving sdid 
pump, speed-responsive means operated by said 
drive means for controlling a fluid pressure pro- 
45 portlonal to the square of the speed of said drive 
means, and operating means for said valve in- 
cluding means responsive to said fluid pressure 
acting in a valve closing direction and means re- 
sponsive to the pressure drop across said metering 
5O restriction acting in a valve opening direction. 
3. Apparatus for controlling the delivery of a 
pump in proportion to its speed, comprising a fixed 
capacity pump, a delivery conduit leading from 
said pump, a metering restriction in said delivery 
55 conduit, a by-pass conduit leading from the out- 
let fo the inlet of said pump, a valve in said by- 
pass conduit, and operating means for said valve 
including means responsive to the speed of said 
pump acting in a valve closing direction and 
6O means responsive to the pressure drop across said 
metering restriction acting in a valve opening 
direction. 
4. Apparatus for controlling a fiuid pressure in 
proportion to the square of the speed of a rotat- 
65 ing shaft, comprising a centrifugal governor 
driven by said shaft, a cylinder, a piston valve 
movable longitudinally in said cylinder, an oper- 
ative connection between said governor and said 
piston valve for causing longitudinal movement 
70 of said valve, said cylinder and piston valve form- 
ing a chamber at one end of satd valve wherein 
the pressure acts on said valve in opposition to 
satd governor, spaced Inlet and outlet ports open- 
ing into said cylinder, said valve having a nor- 
 mal position In whtch both ports are closed and 



7 
being -_effective = upon a  chang inç spee:_of .said 
shaft fo open che of said ports and thereb.change: 
thepressure insaid chamber fo balncethe C- 
trifgaL force. acting  on th vae-d t»rere' 
the vale fo. i netra P0sition.  5 
5. Apprtus. fo". esthshi propetionte 
rates of fluid flow tougk a-.P!Uzli  cond 
compri :a- meterg :restrtionAneeh ofsaid 
conduis; a valve associated .witbeach«cend 
for controlling the rate of fld flow therzn-.10 
a control conduit cent1nng:auidunder:a ub  
stantial!y staticressue;opertinme for 
eachof,sid-ales-clug mens respoive to 
andncr.ese 4n thÇ.res@ure'-drop aerosÇ iassac« 
atd restriction, for mov.ing.said - valFe .in-a d« 
tion o decrease saiflo,fand means resp.onsie:. 
to: said- control condui ressuredor, mov sai. 
valve inthe opposite :dection:  
6., .Appratu fo  distributing»fld, froma :c0mr. 
mçnsou.rce.to a :pluralF of eutlets .propi0n« 
ate quantities,: comprisng:.a main delier.y conduit 
exending .: from said . source»-, a. meterinrestric-. 
tion: in-said» main conduit« a pluraty :off branch 
condui extenngfrom said:ma.c0ndit at.the. 
downsream.side of the-restricton:therein t0sd 
outlets, a metering:-.restrictioneach«of sad 
branch conduits, : valv in eçh. o said brnch 
conduits, for . contro!ing ... the fl tberhu, a 
control conduit containg-u::und.pesae 
operating, means« fr each  vle dnc.lud!ng»meanS 
rezponsiçe toE ,the pressure drop:_acros«its:assçc 
ated restriction:for, mog/sid vaoEve  a çlosin ' 
drection,, and :.meeonsie : sidçcontçot 
conduit pressure:f, mong sdvte 
posite direction, mean o ontrollinheflow 
thru saidma.condt .and eratin.;mns.for 
said. controlllng means :clung mens.'responr: 
sire. fo the .pressure drop cros.said:main con. 
duit restricionfor operag said=contml: means. 
in a flow decreasinrection; and/mm.ron. 

8 
sile'£o.saidiconol.conduit.pr.essure for moing: 
saldcontrollinmes;ns /n. the. opposite direction; 
7 Apparatus as..inctim:6,.in .which:.said means 
r.espmsive o thepressure drop across/said.main 
c0nd,.restiction qs.-.slightlF» unba.lanced :wih 
reslet- to«ihe 9ressm;eeea sai-source, s.o:tha an 
increCe,in, Saild s0urDepressure[ auses .oation 
osa!dcot'ol.,means  a_:flow deceasing 
on: 
8. ra: asAnclaim:7, ,in:which-:saidmeans 
rsonsive tQthe:pessu dop acosssaid 
cd..rericioncludes aspriopsig the 
ffeçt ofsaid unbalancedpressure : 
9: APratus as in.cla  6, in which sald soce 
includea.:vble delerFpump» saidma,cen-- 
duit ..flow/controltingmeans inctude means/ 
vaing«the delivey of sid-pp, andctuding 
anmergency relief:vlFe ïor vening the. pump. 
oleoth:-pp;inlet whener .the :pp out« 
le:Pressue-exceeds a predeermed value,, 
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